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AMENDMENTS TO THE CLAIMS 
This listing of claims will replace all prior versions and listings of claims in the application. 

1. (currently amended) An article of manufacture suitable for use in determining whether or 

in what amount a chemical species is present in a target environment, which 
article comprises 

a multiplicity of particles in three-dimensional close-packed orientation, said particles 
having 

a core of conductive metal or conductive metal alloy, in each said particle such 

core being of 0.8 to 40.0 nm in maximum dimension and 
deposited on said core a ligand shell of thickness from 0.4 to 4,0 nm and 
composed of an encapsulating monomolecular layer of ligand shell 
molecules each molecule having a head-tail type structure, 
the head being a functional group possessing a bonding interaction with 

metal atoms in the core surface, and 
the tail having a structure and composition designed to provide additional 
stabilization of metal clusters against irreversible agglomeration, 
induce solubility in solvents, and promote interactions with 
chemical species of interest, and having a tail functional group 
capable of selective interactions that discriminate between 
chemical species of interest, the tail functional group selected from 
the group consisting of a heteroftmctional group, an aromatic 
group, a secondary aliphatic group, and a tertiary aliphatic group. 
the ligand shell being capable of interacting with a chemical species in a 
target environment such that an electrical property of said 
multiplicity of particles is altered ; and 
a substrate suitably configured for supporting the multiplicity of particles and presenting 
the multiplicity of particles to contact with said environment . 

2. (original) An article of manufacture as defined in claim 1, wherein said core comprises 

silver, gold, platinum or palladium, or an alloy of two or more such metals. 



2 of 20 



PAGE 5/23 * RCVD AT 3/1 0/2005 12:15:40 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-1/2 * DN1S:8729306 ' CS!D:202 404 7380 * DURATION (mm-ss):09-10 



03/10/05 THU 13:17 FAX 202 404 7380 



NRL CODE 1008.2 PATENTS 



@006 



Serial No.: 09/544,344 PATENT APPLICATION 

Docket No.: NC 84,337 

3. (canceled) 

4. (currently amended): An article of manufacture as defined in claim 1, wherein said ligand 

shell molecule comprises a thiol or an amine in the head portion of the ligand 
shell molecule its structur e as the functional group possessing a bonding 
interaction with metal atoms in the core surface. 

5. (previously presented) An article of manufacture as defined in claim 4 3 wherein said 

ligand shell molecule comprises a primary aliphatic hydrocarbon moiety in the 
tail portion of its structure. 

6. (currently amended) An article of manufacture as defined in claim 4, wherein said ligand 

shell molecule comprises an amine in the head portion se l e cted from th e group 
oonoisting of primary aliphatic amin e a . 

7. (original) An article of manufacture as defined in claim 1, wherein 

in each said particle the core is of size from 2 to 20 nm in maximum dimension 
and 

the ligand shell is of thickness from 0.4 to 2.5 nm. 

8. (original) An article of manufacture as defined in claim 1, wherein the particles are 

substantially spherical. 

9. (currently amended) An article of manufacture as defined in claim 1, wherein the ligand 

shell molecule shell contains a thiol functional group in the head portion of th e 
structur e and a h e t e roflinotional group in the tail portion of th e otructur e capable 
of selectiv e - interaction s that discriminat e b e tw ee n ch e mical species of interest. 

10-20. (canceled) 
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2 1 . (currently amended) An assembly suitable for investigation of a target environment to 

determine whether or in what amount a chemical species may be present, which 
comprises 

(a) a substrate suitably configured for presenting a multiplicity of particles supported 

thereon to contact with said environment; 

(b) supported by said substrate, a film of from 5 to 2^000 10,000 nm comprising a 

multiplicity of particles in three-dimensional close-packed orientation, said 
particles having 

a core of conductive metal or conductive metal alloy, in each said particle such 

core being of 0.8 to 40.0 nm in maximum dimension and 
deposited on said core a ligand shell of thickness from 0.4 to 4.0 nm and 
composed of an encapsulating monomolecular layer of ligand shell 
molecules each molecule having a head-tail type structure, 
the head being a functional group possessing a bonding interaction with 

metal atoms in the core surface, and 
the tail having a structure and composition designed to provide additional 

stabilization of metal clusters against irreversible agglomeration, 

induce solubility in solvents, and promote interactions with 

chemical species of interest, 
the ligand shell being capable of interacting with a chemical species in a 

target environment such that an electrical property of said 

multiplicity of particles is altered; and 

(c) a sensor for monitoring said property of said multiplicity of particles. 

22. (original) An assembly as defined in claim 21, wherein said core comprises silver, gold, 

platinum or palladium or an alloy of two or more of such metals. 



23-24. (canceled) 
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25. (currently amended) An assembly suitable for investigating a target environment, to 

determine whether or in what amount a chemical species may be present, which 
comprises 

(a) a substrate suitably configured for presenting a multiplicity of particles in three- 

dimensional close-packed orientation supported thereon to contact with said 
species; 

(b) supported by said substrate, said multiplicity of particles having 

a core of conductive metal or conductive metal alloy, in each said particle such 

core being of 0.8 to 40.0 nm in maximum dimension and 
deposited on said core a ligand shell of thickness from 0,4 to 4.0 nm and 
composed of an encapsulating monomolecular layer of ligand shell 
molecules each molecule having a head-tail type structure, 
the head being a functional group possessing a bonding interaction with 

metal atoms in the core surface, and 
the tail having a structure and composition designed to provide additional . 
stabilization of metal clusters against irreversible agglomeration, 
induce solubility in solvents, and promote interactions with 
chemical species of interest, and having a tail functional group 
capable of selective interactions that discriminate between 
chemical species of interest, the tail functional group selected from 
the group consisting of a heterofunctional group, an aromatic 
group, a secondary aliphatic grout), and a tertiary aliphatic group, 
the ligand shell being capable of interacting with a chemical species in a 
target environment such that the an electrical property of the 
particles is altered; 

(c) a pair of electrodes, each in electrical contact with said multiplicity of particles; and 

(d) a sensor for monitoring the electrical property of said multiplicity of particles to 

determine whether there is, or the amount of, any change in said electrical 
property as an indication of whether or in what amount said species is present. 
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26. (currently amended) An assembly as defined in claim 25, wherein 
the core comprises gold and 

the ligand shell molecule is selected from the group consisting of primary 
aliphatic thiols, secondary aliphatic thiols, tertiary aliphatic thiols, 
heterofiinctionally substituted aliphatic thiols, aromatic thiols, 
heterofiinctionally substituted aromatic thiols, and heterofunctionally 
substituted araliphatic thiols. 
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27. (currently amended) A method of fabricating an assembly suitable for investigation of a 
target environment to determine whether or in what amount a chemical species 
may be present, which comprises 

(a) depositing on a substrate 

(i) a pair of interdigitated electrodes each having a comb-like configuration and 

(ii) in such manner that the electrodes are electrically connected, a thin film of a 

multiplicity of particles in a three-dimensional close-packed orientation 
having 

a core of conductive metal or conductive metal alloy, in each said particle 

the core being from 0.8 to 40.0 nm in maximum dimension and 
deposited on said core a ligand shell of thickness from 0.4 to 4.0 nm and 
composed of an encapsulating monomolecular layer of ligand shell 
molecules each molecule having a head-tail type structure, 
the head being a functional group possessing a bonding interaction 

with metal atoms in the core surface, and 
the tail having a structure and composition designed to provide 

additional stabilization of metal clusters against irreversible 
agglomeration, induce solubility in solvents, and promote 
interactions with chemical species of interest, and having a 
tail functional grout) capable of selective interactions that 
discriminate between chemical species of interest, the tail 
functional group selected from the group consisting of a 
heterofltnctional group, an aromatic group, a secondary 
aliphatic group, and a tertiary aliphatic group, 
the ligand shell being capable of interacting with a chemical 
species in a target environment such that an electrical 
property of said multiplicity of particles is altered; and 

(b) connecting said pair of electrodes with a sensor capable of determining a change in 

the electrical property of said multiplicity of particles. 
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28. (previously presented) A method of fabrication as defined in claim 27, wherein said 

deposition of a thin film of the multiplicity of particles comprises spraying on the 
electrodes and on the substrate a solution comprising the multiplicity of particles 
and a solvent, said electrodes and substrate being at a temperature such that the 
solvent is flashed away or rapidly evaporated. 



29. (currently amended) A method of fabrication as defined in claim 27, wherein said 
deposition of a thin film of the multiplicity of particles comprises 

(a) treating said electrodes and substrate with a diftmctional material capable of binding 

with (i) the electrodes and the substrate and (ii) said multiplicity of said particles, 
such that said material binds with said electrodes and said substrate; 

(b) contacting the treated electrodes and substrate with said multiplicity of particles 

having a core of conductive metal or conductive m e tal alloy, in e ach said particl e 
th e cor e b e ing from 0. 8 to 40.0 did in maximum dimension, and deposited on said 
core a ligand sh e ll having a thickn e ss - from 0.4 to 4.0 nm and a composition as an 
e ncapsulating monomol e culor lay e r of ligand molecules, each mol e cul e having a 
h e ad tail typ e structur e , th e h e ad b e ing a functional group poss e ssing a bonding 
interaction with motal atoms in the cor e surfac e , and th e tail having a structure 
and composition design e d to provid e additional stabilization of metal clusters 
against irrev e rsible agglomeration, induco solubility in solv e nts, and promoto 
int e ractions with chemical spooios of interest, th e ligand sh e ll being capable of 
int e racting with said sp e ci e s such that an e l e ctrical property of said multiplicity of 
particles is alt e red, such that said multiplicity of particl e s bonds with th e material 
to form a composit e comprising a layer of said particl e s on the electrodes and 
substrate . 



30. (original) A method of fabrication as defined in claim 29, wherein the multiplicity of 
particles forms a monolayer on said substrate and electrodes. 
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3 1 . (currently amended) A method of fabrication as defined in claim 29, which further 

comprises a cycle of steps including 

(a) exposing the outwardly facing surfaces of said particles of the composite to a coupling 

agent capable of bonding said particles to a further multiplicity of such particles 
deposited thereo n, th e particl e s of said further multiplicity having a cor e of 
conductiv e m e tal or conductiv e m e tal alloy, in e ach s aid particl e th e cor e b e ing 
from 0.8 - to - 40.0 run in maximum dimension, and d e posit e d on said cor e a ligand 
shell having a thickness from 0. 4 to 4.0 nm and of composition as on 
encapsulating monomol e oular lay e r of ligand mol e cul e s e ach mol e cul e having a 
head - tail typ e s tructur e , th e h e ad b e ing a functional group po s s e s s ing a bonding 
int e raction with m e tal atoms in tho oore surface, and the tail having a structure 
and compo s ition d e sign e d - to provid e add iti onal stab ili zation of m e tal clust e rs 
against irreversible agglom e ration, induce solubility in solv e nts, and promote 
interactions with chemical sp e ci e s of int e r e st, th e ligand sh e ll b e ing capabl e of 
int e racting with said sp e ci e s such that an e lectrical property of said multiplicity of ■ 
portiolos is altered ; and 

(b) contacting the particle surfaces so exposed with said further multiplicity of particles 

such that 

said further multiplicity of particles bonds with the particle surfaces of said 
composite, and 

the further multiplicity of particles is immobilized on those surfaces. 

32. (original) A method of fabrication as defined in claim 31, wherein said cycle is 

performed a plurality of times. 
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33. (currently amended) A system suitable for investigating a target environment to 

determine whether or in what amount a chemical species may be present, which 
comprises 

(a) a multiplicity of particles in three-dimensional close-packed orientation, said particles 

having 

a core of conductive metal or conductive metal alloy, in each said particle such 

core being of 0.8 to 40.0 nm in maximum dimension and 
deposited on said core a ligand shell of thickness from 0.4 to 4.0 nm and 
composed of an encapsulating monomolecular layer of ligand shell 
molecules each molecule having a head-tail type structure, 
the head being a functional group possessing a bonding interaction with 

metal atoms in the core surface, and 
the tail having a structure and composition designed to provide additional 
stabilization of metal clusters against irreversible agglomeration, 
■ ' induce solubility in solvents, and promote interactions with 

chemical species of interest, 
the ligand shell being capable of interacting with a chemical species in a 
target environment such that an electrical property of said 
multiplicity of particles is altered; 

(b) means for exposing said multiplicity of particles to said environment , said means for 

exposing having a substrate suitably configured for supporting the multiplicity of 
particles : 

(c) means for subjecting said multiplicity of particles to conditions sufficient for said 

property to be exhibited; and 

(d) means for monitoring said property to determine whether there is, or the amount of, 

any change in said [[such]] property as an indication of whether or in what 
amount said species is present. 
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34. (currently amended) A system for investigating a target environment to determine 

whether or in what amount a chemical species may be present, which comprises 

(a) a multiplicity of particles in three dimensional close-packed orientation, said particles 

having 

a core of conductive metal or conductive metal alloy, in each said particle such 

core being of 0.8 to 40.0 nm in maximum dimension and 
deposited on said core a ligand shell of thickness from 0.4 to 4.0 nm and 
composed of an encapsulating monomolecular layer of ligand shell 
molecules each molecule having a head-tail type structure, 
the head being a functional group possessing a bonding interaction with 

metal atoms in the core surface, and 
the tail having a structure and composition designed to provide additional 

stabilization of metal clusters against irreversible agglomeration, 

induce solubility in solvents, and promote interactions with 

chemical species of interest, 
the ligand shell being capable of interacting with a chemical species in a 

target environment such that an electrical property of said 

multiplicity of particles is altered; 

(b) means for exposing said multiplicity of particles to said environmen t, said means for 

exposing having a substrate suitably configured for supporting the multiplicity of 
particles ; 

(c) means for passing an electrical field through said multiplicity of particles; and 

(d) means for monitoring the electrical property of said multiplicity of particles to 

determine whether there is, or the amount of, any change in said electrical 
property as an indication of whether or in what amount said species is present. 

35. (original) A system as defined in claim 34, wherein said means for monitoring the 

electrical resistivity of said multiplicity of particles includes a current-to- voltage 
converter circuit followed by a precision rectifier and low-pass filter. 
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36. (original) A system as defined in claim 35, wherein said means further includes a 

voltage-to-frequency converter. 

37. (currently amended) An article of manufacture as defined in claim 1 claim 5 , wherein 

said heterofunctional group is hetcrofunctionallv substituted aliphatic thiol or said 
h e t e rofiinctionally oubotitutod araliphatio thiol is oubstitut e d by OH, COOH, NH 2 , 
or CI. 



38. (currently amended) An article of manufacture as defined in claim 1 claim 5, wh e r e in 
paid h e tero functionally substitut e d aliphatic thiol is further comprising a ligand 
molecule having the formula HS(CH2)60H. 



39. (canceled) 

40. (currently amended) An article of manufacture as defined in claim 1, wherein 

the ligand shell molecule sheH contains a thiol functional group in the head 
portion of the structure and 

[[a]] the heterofunctional group comprising individually or a combination of an 
alcohol, phenol, fluoroalcohol, carboxylic acid, ether, phosphoryl, or 
halide heteroatom h e t c ratom functional groups within the tail portion of 
th e structure which ar e capable of solootivo intor actions - that discrimin ate 
b e tw ee n ch e mical speci e s of int e rest . 
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41 . (currently amended) An article of manufacture as defined in claim 1, wherein said ligand 

shell molecule 

comprises a thiol in the head portion of the structure and 
comprises a secondary or tertiary aliphatic hydrocarbon structure, [[or]] an 
aromatic hydrocarbon structure, [[or]] an araliphatic hydrocarbon 
structure, [[or]] a heterofiinctional aliphatic structure, [[or]] a 
heterofiinctional aromatic structure, or a heterofiinctional araliphatic 
structure in the tail portion of the ligand shell molecule structure. 

42. (previously presented) An article of manufacture as defined in claim 41 , wherein said 

heterofunctionality comprises a hexafluoroacetone derived adduct. 

43. (previously presented) A method of fabrication as defined in claim 29, wherein said 

difunctional material comprises dithiol and silane thiol coupling agents. 

44. (currently amended) A method of fabrication as defined in claim 3 1 , wherein said 

coupling agent difunctional mat e rial comprises a dithiol molecule coupling agent 

45. (currently amended) A method of fabrication as defined in claim 29 claim 32 , wherein 

said difunctional material comprises a dithiol molecule coupling agent 

46. (new) An article of manufacture as defined in claim 5, wherein said ligand shell molecule 

comprises a Ce-Ci2 primary aliphatic hydrocarbon moiety in the tail portion of its 
structure. 

47. (new) An article of manufacture as defined in claim 1 , wherein said ligand shell molecule 

is selected from the group consisting of benzyl mercaptan, phenylethyl mercaptan, 
araliphatic mercaptan, and 4-methoxybenzyl mercaptan. 

48. (new) A method of fabrication as defined in claim 3 1 , wherein said coupling agent is 

selected from the group consisting of dithiol, octanedithiol, and hexanedi thiol. 
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49- (new) An assembly as defined in claim 21, wherein the film is up to about 400 nm thick. 



50. (new) An article of manufacture as defined in claim 1, wherein said aromatic group, said 

secondary aliphatic group, or said tertiary aliphatic group is substituted by OH, 
COOH,NH 2 , or CI. 

5 1 . (new) An article of manufacture as defined in claim 1 , wherein the tail functional group 

is selected from the group consisting of beterofunctional group and aromatic 
group. 
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